This study is designed to check whether everyday-life stair climbing, which is a low-cost and readily accessible form of exercise, is effective for reducing overweight of sedentary people in various health indicators. We selected four overweight people and measured body weight, body fat percentage, muscle quantity, pulmonary function, lower-extremity strength and volume of thigh muscle and fat. After 3-week exercise of climbing stairs in more than 5 minutes twice a day, same procedures were taken. Body weight was reduced by 3.35 kg on average (standard deviation [SD], 0.79), and body fat mass by 2.53 kg (SD, 1.36). Lower extremity strength improved about 5%, and slight loss of thigh fat (right 3.2%; left 13.4%) was observed. However, pulmonary function and muscle quantity did not grow significantly. Although only four people may not be representative as targets, but it is suggested that stair climbing has sufficient utility as an easily accessible exercise.
Introduction
Obesity is a condition that substantially raises their risk of morbidity from hypertension, dyslipidemia, type 2 diabetes, coronary heart disease, etc 1) . The majority of obese persons who develop atherosclerotic cardiovascular disease typically have a clustering of risk factors for metabolic syndrome 2) . In 2010, overweight and obesity were estimated to cause 3-4 million deaths worldwide 3) . In Korea, like other developed countries, the number of obesity population has been gradually increasing, which led to the prevalence of 31% in adult population (35%-36% in male, 25% -27% in female) since 2007 4) .
It is well known that reducing body fat is essential for treating obesity, which is achieved by continuous daily diet and exercise.
There have been many studies about the effective ways to exercise for relieving obesity. Some of them claim that aerobic exercise such as walking and cycling is proper for obesity, while other claims strength exercise can help reducing body fat [5] [6] [7] .
Stair climbing is a low-cost, inconspicuous, and readily accessible form of exercise which is associated with a reduced mortality in populations 8) . Despite these features, stair climbing as an exercise modality for resolving or reducing obesity has not been considered so far, while it is already useful tools for rehabilitating and enhancing lower limb power 9, 10) . This study has been designed to check whether sequent, everyday-life stair climbing can be effective for the sedentary people in various health indicators.
Case Report
We selected four overweight people, who volunteered and have no other underlying condition, and informed consent was obtained from all of the subjects and the rights of the subjects were protected.
The characteristics of the subjects are shown (Table 1) .
We used Physical Activity Readiness Questionnaire to rule out unsuitable participants. We measured their body weight, body fat percentage, and muscle quantity via InBody. And we tested their pulmonary function by PFT, lower-extremity strength by
Isokinetics (De Queen, AR, USA), volume of thigh muscle and fat by thigh computed tomography (CT). And after the 3-week exercise of stair climbing in more than 5 minutes twice a day, same procedures were taken. Participants were supposed to climb stairs of their apartments and workplaces without rest, and the interval between climbing or the method of going back down was arbitrary. There was no exercise instructor especially assigned. The Seoul National University-Boramae Hospital Institutional
Review Board approved this study.
Assessing obesity
We measured their body weight, and body fat percentage, and muscle quantity was assessed with eight-polar bioelectrical impedance (InBody 3.0, Biospace, Seoul, Korea).
Assessing pulmonary function
Pulmonary Function Test was performed using standard laboratory techniques according to guidelines by the American Thoracic Society. The vital capacity and its subdivisions were measured from a slow exhalation with a rolling seal spirometer (Sensormedics 2800, SensorMedics Co., Yorba Linda, CA, USA).
Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV 1 ) were obtained from forced expiration into the spirometer.
Assessing lower limb muscle strength
We measured the peak torque of extensor and flexor at knee joint via Biodex (Shirley, NY, USA) measuring right and left respectively in load speed 60 degree/sec and 180 degree/sec with extension and flexion five times and 10 times respectively.
Assessing thigh muscle and fat quantity
CT was used to measure cross-sectional area of mid-thigh bone, muscle, and fat tissue and to characterize muscle attenuation.
With the subject supine, a 10-mm cross-sectional scan of both legs was obtained, located at the midpoint between the anterior iliac crest and the patella. In image analysis, area of bone, adipose tissue, and skeletal muscle were measured by selecting the following regions of interest, defined by the following attenuation values: ≥200 Hounsfield units (HU) for bone, -20 to -190 HU for adipose tissue, and 0-100 HU for muscle; mean muscle attenuation was determined from all pixels within this range.
Results
After 3-week exercise, the changes of subjects are shown ( Table   2 ). The body weight of the four participants was reduced by 3.35 kg on average (SD, 0.79), and body fat mass by 2.53 kg (SD, 1.36). The slight loss of thigh fat (right thigh, 3.2%; left thigh, 13.4%) was confirmed by thigh CT, and strength of lower extremities was improved about 5%. However, the thigh muscle did not change significantly and FVC and FEV 1 were reduced by 2.6% and 1.5%, respectively. Although it seems that pulmonary functions of participants have decreased on average, the decrease results from that of one of four participants (subject C), which may be due to insufficient compliance in the test. And participants reported their pulmonary function to be improved subjectively, and no side effect or harm were reported due to the exercise.
Discussion
It has been already implied that stair climbing have close relationship with muscle strength or pulmonary function, the key factors of controlling overweight and obesity. There have been many studies about stair climbing as a test of muscle capacity or pulmonary function 8) . We, however, focused on the aspects of stair climbing as a modality improving physical function in itself. We performed a study before, in which we selected one male and one female subjects in their forties, measured their blood pressure, heart rate and oxygen saturation, let them climb But it might be jumping to the conclusion that climbing stairs has 'proved' to be effective for the weight loss only based on this study because of some limitations. Our study has intrinsic limitation in the fact that it is merely 'case study.' Only four people as a target may not be representative. As a matter of fact, this sample size cannot have statistical significance even with non-parametric test like Wilcoxon signed-rank test (p＞0.12), and in order to assure statistical significance we require at least a sample size of 6 or more in Wilcoxon signed-rank test. In addition, the nutrition of subjects was not so strictly controlled that the possibility may not be ruled out that changes of indicator were affected by the diet. In fact, no significant growth of thigh muscle can be regarded as the effect of exercise alone not followed by adequate protein ingestion. In further study, homogenous group or the larger number of subjects will be needed for inspecting more sophisticated relationship. And still stricter diet control has to be introduced.
In our study, participants consist of the office worker, the 
